Objective . This study aimed to investigate the association of lipoprotein and triglyceride levels with all-cause mortality in a population free from diabetes and cardiovascular disease (CVD) at baseline. The European Guidelines on cardiovascular disease prevention state that in general total cholesterol (TC) should be Ͻ 5 mmol/L (190 mg/dL) and low-density lipoprotein cholesterol (LDL-C) should be Ͻ 3 mmol/L (115 mg/dL). Design . A population-based register study in the period 1999 -2007 including 118 160 subjects aged 50 ϩ without statin use at baseline. All-cause mortality was related to lipoprotein and triglyceride levels and adjusted for statin use after inclusion. Results . All-cause mortality was lower in the groups with TC or LDL-C above the recommended levels. Compared with subjects with TC Ͻ 5 mmol/L, adjusted hazard ratios for the group aged 60 -70 years ranged from 0.68 (95% confi dence interval (CI) 0.61 -0.77) for TC 5 -5.99 mmol/L to 0.67 (95% CI 0.59 -0.75) for TC 6 -7.99 mmol/L and 1.02 (95% CI 0.68 -1.53) for TC Ն 8 mmol/L in males and from 0.57 (95% CI 0.48 -0.67) to 0.59 (95% CI 0.50 -0.68) and 1.02 (95% CI: 0.77 -1.37) in females. For triglycerides, ratios compared with the group Ͻ 1 mmol/L in the females aged 60 -70 years ranged from 1.04 (95% CI 0.88 -1.23) to 1.35 (95% CI 1.10 -1.66) and 1.25 (95% CI 1.05 -1.48) for triglycerides 1 -1.39 mmol/L, 1.4 -1.69 mmol/L, and Ն 1.7 mmol/L, respectively. Statin treatment after inclusion provided a survival benefi t. Conclusion . These associations indicate that high lipoprotein levels do not seem to be defi nitely harmful in the general population. However, high triglyceride levels in females are associated with decreased survival.
Introduction
Total cholesterol (TC) is a well-documented risk factor for cardiovascular and all-cause mortality [1 -3] . The causal relationship between TC and cardiovascular disease (CVD) is furthermore well recognized [4] . The evidence that reducing TC reduces the risk of cardiovascular disease is considered equally unequivocal [3, 4] . The European Guidelines on Cardiovascular Disease Prevention in Clinical Practice [4] state that in general plasma TC should be below 5 mmol/L (190 mg/dL) and lowdensity lipoprotein cholesterol (LDL-C) should be below 3 mmol/L (115 mg/dL). In the highest risk subjects, especially those with clinically established 11 April 2013) guidelines (http://nbv.cardio.dk/) and updated in May 2012, states that primary prevention should be considered in individuals with multiple risk factors ( Ն 5% within 10 years), type 2 diabetes, or type 1 diabetes with high risk (nephropathy, proliferative eye disease, or 40 years with several risk factors), considerable increased single-risk factor or close relative with premature CVD or very high CVD risk. To estimate the risk, the European cardiovascular disease risk assessment model, the SCORE Risk Charts, is used developed by the European Society of Cardiology [6] . Denmark, as well as the other Scandinavian countries, is now considered at low risk for CVD and use of the low-risk chart is therefore recommended. These charts estimate a risk based on gender, age, total cholesterol, systolic blood pressure, and smoking status. With an estimated risk above 5% medical treatment is recommended and at a risk above 10% treatment is strongly recommended.
The Nordic Reference Interval Project (NORIP), a project with the goal of recommending Nordic plasma reference intervals for the most common quantities used in clinical chemistry, shows that the values for TC and LDL-C increase with age and that the central 95% reference intervals for subjects aged 50 ϩ are for TC 3.9 -7.8 mmol/L (151 -302 mg/dL) and for LDL-C 2. 5 -5.3 mmol/L (97 -205 mg/dL) [7] . HDL-C and triglycerides are not markedly agerelated and have the reference intervals 1.0 -2.7 mmol/L (39 -104 mg/dL) and 0.45 -2.6 mmol/L (40 -230 mg/dL), respectively [7] . As TC, HDL-C, and LDL-C are approximately normally distributed, this means that more than 50% of all subjects aged 50 ϩ in the Nordic countries have TC and LDL-C above the recommended levels.
There is some evidence that age attenuates the relative effect of TC on the risk of CVD and ischaemic heart disease mortality [2, 8] and most studies that fi nd a relationship between TC and all-cause mortality have been performed in the middle-aged. Several studies in the elderly have reported that TC has a strong inverse association with non-CVD mortality [9 -14] , meaning that people with higher levels of TC have a lower risk of non-CVD mortality. Low cholesterol levels could be due to the cholesterollowering effect of chronic diseases and infl ammatory processes [15] .
The benefi t of use of statins (HMG-CoA reductase inhibitors) in patients with CVD or diabetes is well established and documented [16] , but statin use for primary prevention of CVD is still controversial [17 -22] . According to the lipid-lowering guidelines [4, 5] and the established NORIP reference intervals [7] , more than half of the population aged 50 ϩ years does have TC and LDL-C above the target levels and should therefore be encouraged to adopt lifestyle modifi cations and perhaps statin therapy. A lipoprotein measurement above the recommended targets could provoke unwarranted fear in subjects with such a value. As an aid in clinical counselling, it seems important to clarify the relation between TC and its subfractions and mortality.
In order to investigate whether the recommended target levels from the lipid-lowering guidelines provide a survival difference in the general population at baseline, we conducted a population-based register study in the period 1999 -2007 including 118 160 subjects aged 50 ϩ with a TC measurement without a diagnosis of diabetes or CVD prior to the measurement. We tested all-cause mortality in this population and related it to lipoprotein and triglyceride levels, education, and use of statins.
Material and methods
This study is based on lipoprotein and triglyceride measurements from the populations in two former Danish counties, the West Zealand and Storstrom Counties, now part of Region Zealand. These two counties had a population of 583 917 citizens on 1 January 2007. Data were drawn from the Laboratory Information Management System (LIMS) in these two counties that manages all data from biochemical measurements in the population of the two counties, independently of referring doctor. Recorded information includes the 10-digit Civil Personal Registration number (CPR) unique to every Danish resident. The CPR number was used to link information on all patients above 18 years between the different registries.
There is an intense debate as to whether the recommended target levels from the lipidlowering guidelines provide a survival difference in primary prevention. More than 50% of the population aged 50 ϩ have levels above the recommended levels.
This study indicates that high total, HDL-, • or LDL-cholesterol in those aged 50 ϩ years free from CVD or diabetes at baseline are associated with lower all-cause mortality. However, cholesterol-lowering treatment in • the form of statins provides a survival benefi t without correlation to cholesterol level. High triglyceride levels were found to be • associated with higher all-cause mortality, which was most pronounced in women.
Biochemical cholesterol measurements
Enzymatic methods (Roche, Basel, Switzerland) were routinely used on fresh samples to measure the levels of TC, HDL-C, and triglycerides. LDL-C was estimated from the Friedewald equation:
LDL-C ϭ TC -HDL-C -0.45 * triglycerides LDL-C was not estimated if triglycerides were above 4.4 Data regarding education were obtained from Statistics Denmark.
All subjects with a TC measurement in the period from 13 September 1999 to 31 December 2007, surviving at least one year after the initial TC measurement, were included. Thus, end of study period was 31 December 2008. Subjects with a diagnosis of CVD or diabetes prior to or 14 days after the initial TC measurement were excluded. A total of 12 992 and 571 subjects had a diagnosis of diabetes or CVD, respectively, later than 14 days after the TC measurement. They remained in the study. As statins affect the cholesterol level, all subjects with at least one prescription of statin in the year prior to the inclu ding TC measurement were excluded from the study.
Ethical considerations
The study was approved by the Danish Data Protection Agency (number: 2008-58-0020).
Statistical analysis
For the survival analysis, participants were followed from the date of their fi rst cholesterol measurement until emigration, death, or end of study period (31 December 2008) . Information on emigration and death was retrieved from the Danish Civil Registration System (CRS), which is continuously updated. The fi rst registered measurement was used and the date of blood sampling was the date of inclusion. TC, LDL-C, HDL-C, and triglycerides were analysed in groups, mainly based on the recommendations from the European Guidelines on Cardiovascular Disease Prevention in Clinical Practice [4] .
TC was stratifi ed into four categories ( Ͻ 5 mmol/L (190 mg/dL), 5 -5.99 mmol/L (190 -232 mg/ dL), 6 -7.99 mmol/L (232 -309 mg/dL) and Ն 8 mmol/L ( Ն 309 mg/dL)), HDL-C into four categories ( Ͻ 1 mmol/L ( Ͻ 39 mg/dL), 1 -1.49 mmol/L (39 -58 mg/dL), 1.5 -1.99 mmol/L (58 -77 mg/dL) and Ն 2 mmol/L ( Ն 77 mg/dL)), LDL cholesterol into four categories ( Ͻ 2.5 mmol/L ( Ͻ 97 mg/dL), 2.5 -2.99 mmol/L (97 -116 mg/dL), 3.0 -3.99 mmol/L (116 -155 mg/dL) and Ն 4.0 mmol/L ( Ն 155 mg/dL), and triglycerides into four categories ( Ͻ 1 mmol/L ( Ͻ 89 mg/dL), 1 -1.39 mmol/L (89 -132 mg/dL), 1.4 -1.69 mmol/L (132 -150 mg/dL) and Ն 1.7 mmol/L ( Ն 151 mg/dL). The conversion factor between mmol/L and mg/dL is for TC, HDL-C, and LDL-C 38.67 and for triglycerides 88.57. Survival was estimated by the Kaplan -Meier method and analysed using the Cox proportionalhazards model. As the different lipoproteins are correlated, they were tested in separate analyses, and as the lipoprotein levels are dependent on age and sex, all analyses were performed separately for males and females as well as in age intervals. Furthermore, to ensure that low TC was not due to terminal cancer or hepatic disease, only subjects with a minimum follow-up period of one year after initial measurements were included, thus excluding subjects with terminal disease. We tested for the potential interaction between statin use and TC, LDL-C, HDL-C, triglyceride, and educational levels, respectively, using the Wald test. In the case of signifi cant fi ndings, the relevant analyses were adjusted accordingly.
Results
A total of 173 484 subjects aged 50 ϩ years at measurement had TC, HDL-C, LDL-C, and triglyceride measurement performed in the period 1999 -2007. Before data analysis, all subjects with a diagnosis of diabetes (16 150 subjects) or CVD (2238 subjects) previous to or 14 days after the measurement and subjects with a prescription of statin during the last year before test date (10 917 subjects) were excluded. Several individuals had more than one reason for exclusion, so the total was 25 621 subjects. Furthermore, we excluded subjects who died within the fi rst year after inclusion (5281 subjects) and subjects with less than one year of follow-up (16 461) . The study population then comprised 126 121 subjects aged 50 -103 years. Of these, 38 525 subjects (30.6%) had a minimum of one statin prescription after inclusion.
School education was divided into " less than 12 years " (42.5%), " between 12 and 15 years " (48.5%), and " more than 15 years " (2.7%). Information was lacking in 7961 subjects, who were therefore excluded, resulting in a total of 118 160 subjects for statistical analysis.
The proportional hazard assumption was met for the survival analyses. The median survival time was 8.6, 8.5, and 7.3 years for the age groups 50 -60, 60 -70, and Ͼ 70 years, respectively.
Results from the survival analyses are given in Tables I -IV. For TC, the mortality was signifi cantly lower in the TC groups 5 -5.99 mmol/L and 6 -7.99 mmol/L, in both sexes and in all age groups compared with the group with TC Ͻ 5 mmol/L. For the groups with the highest TC level ( Ն 8 mmol/L), the mortality becomes signifi cantly lower in the oldest age group compared with the group with the lowest TC. For HDL-C in females, there was a decreased mortality in all ages in the groups with a HDL-C above 1 mmol/L. In males there was a decreased mortality in the HDL-C groups 1 -1.49 and 1.5 -1.99 mmol/L in all age groups, but the highest HDL-C 1.10 Notes: N ϭ numbers in the specifi c age and sex group, C ϭ cases (died in the study period more than one year after inclusion), and n ϭ numbers in each TC group or numbers receiving statin after inclusion. 1 The TC group Ͻ 5 mmol/L is the reference group and only the numbers in this group are therefore reported. 2 The results shown are adjusted for the found interaction between TC and statin use in both males and females aged 60 -70 years.
group only had a decreased mortality in the age group Ͼ 70 years. For triglycerides, the fi ndings were almost the opposite. In females there was an increased mortality in the age group 50 -60 years in all groups with a triglyceride level above 1 mmol/L. In the age group 60 -70 years, there was an increased mortality in the group with the highest triglyceride level in both sexes.
There was a signifi cant interaction between statin prescription and TC in both sexes in the age group 60 -70 years, meaning that the frequency of statin use, as expected, was higher in the groups with higher TC. Furthermore, there was a signifi cant interaction between HDL-C and statin use in females aged 60 -70 years. No other interactions were found and the analyses regarding TC and HDL-C levels were adjusted for this interaction. Use of statin (after test date) and above 12 years of education provided a survival benefi t that was signifi cant in almost all age and lipoprotein/triglyceride groups in both sexes.
Discussion
The current study aimed to test whether having levels of TC and its subfractions within the recommended target goals at baseline provided a survival difference in a general population of older adults. The most striking fi nding was that compared with the reference levels, high TC, HDL-C, or LDL-C levels were associated with lower mortality in the elderly and this was the case for even very high levels. The fi nding that high TC or LDL-C levels were associated with a lower mortality is contrary to the general assumption that there is a higher mortality among subjects with high lipoprotein levels. Our fi ndings could seem controversial. However, most studies performed in older adults show an inverse association between TC and mortality [11, 14] and a recent study demonstrated an inverse association between TC and non-cardiovascular mortality in a population free of CVD and statin use at baseline [13] . These fi ndings were signifi cant from the age of 65 years and were largely due to an inverse association with non-HDL-C. Our study demonstrates the 1.06 Notes: N ϭ total numbers in the specifi c age and sex group, C ϭ cases (died in the study period more than one year after inclusion) and n ϭ numbers in each HDL-C or numbers receiving statin after inclusion. 1 HDL-C group Ͻ 1 mmol/L is the reference group and only the numbers in this group are therefore reported. 2 The results shown are adjusted for the found interaction between statin use and HDL-C in females aged 60 -70 years.
same signifi cant inverse association between high levels of TC and its subfractions and mortality in all age groups from as early as 50 years. The evidence for a causal relationship between hyperlipidaemia and development of CVD is overwhelming [2, 24] . However, our data indicate that a major part of the general population aged 50 ϩ has lipoprotein levels above the recommended levels and that those groups without CVD or diabetes at measurement have a survival benefi t compared with the groups with the recommended low levels.
The fi ndings in triglycerides were contrary to the fi ndings for TC, LDL-C, and HDL-C. There was a clear signifi cant association between triglyceride levels and mortality risk in females but this was not as clear in males. Our study indicates that high triglyceride levels could be an important marker for decreased survival in females but not in males. A few previous studies have also indicated that elevated non-fasting triglycerides may be associated with increased risk of death in both sexes but most signifi cantly in females [25 -27] . However, a recent study did demonstrate a signifi cant relation between non-fasting triglycerides and coronary heart disease mortality in men after more than 12 years of follow-up [3] . Our study has a shorter follow-up period, which could explain the lack of signifi cance in males. Accordingly increased mortality among subjects with high triglyceride levels may be due to undiagnosed CVD or indicate that high triglyceride levels are associated with other harmful conditions.
Our data show that statin prescription after the fi rst lipoprotein measurement provides a signifi cant survival benefi t in almost all age groups in both sexes irrespective of baseline lipid level. Placebo-controlled studies and meta-analyses have indicated that in patients with manifest or at risk of CVD, statin therapy is associated with a reduction in risk of heart attack, all-cause mortality, cardiovascular mortality, and ischaemic stroke [16, 20, 21] . However, there are only sparse data on statin therapy being benefi cial for primary prevention, although several recent studies have reported mortality reductions with the use of statins for primary prevention [17,28 -30] . A very recent Cochrane report concluded that evidence available to date showed that primary prevention with statins is likely to be cost-effective and may improve patients ' quality of life [31] .Our data suggest Notes: N ϭ total numbers in the specifi c age and sex group, C ϭ cases (died in the study period more than one year after inclusion) and n ϭ numbers in each LDL-C or numbers receiving statin after inclusion. 1 LDL-C group Ͻ 2.5 mmol/L is the reference group and only the numbers in this group are therefore reported.
that the benefi cial effects of statin are partially independent of baseline lipid levels, as also reported in other studies [16, 19] . There are some limitations in our study that should be taken into account when interpreting the results. The current study is based on requested lipoprotein analysis. These analyses should be requested for a specifi c reason and only in subjects where the requesting doctor is considering relevant action, for instance to initiate cholesterol-lowering treatment. As a consequence, subjects without known CVD risk factors or subjects with severe diseases, where cholesterol-lowering treatment is irrelevant, could be underrepresented in this population. However, we believe that our study population represents exactly the kind of general population to whom the target goals are addressed.
Second, the higher mortality in the reference group for TC and its subfractions could be due to a TC-lowering effect of severe disease. Multiple studies have demonstrated that low TC levels are associated with an increased risk of all-cause mortality [13, 32] . We excluded all subjects with a survival shorter than one year after blood sampling to exclude all terminally ill subjects. However, it is possible that a fraction of the subjects with low TC levels may have severe diseases that are associated with a higher mortality. Although this group probably represents only a small fraction of all persons with low TC levels, substantially higher mortality rates among them might well increase the mortality rates of those with low TC considered as a group. The low TC levels at entry could refl ect levels recently fallen from much higher levels with onset of disease. However, it seems that low levels of TC and its subfractions could be markers of all-cause mortality in later life.
Third, our study is conducted in a population aged 50 ϩ years. The fi ndings that high levels of LDL-C or TC are not associated with increased mortality could be due to selective survival, meaning that the subjects who are prone to the negative effects of high TC or LDL-C levels are already dead. The mortality is very low below the age of 50 years, which makes this explanation unlikely. However, we did exclude all those with a diagnosis of CVD or diabetes at baseline. These subjects could be the vulnerable subjects, leaving a population resistant to the harmful effects of high LDL-C or TC levels. Notes: N ϭ total numbers in the specifi c age and sex group, C ϭ cases (died in the study period more than one year after inclusion) and n ϭ numbers in each LDL-C or numbers receiving statin after inclusion. 1 Trig group Ͻ 1.0 mmol/L is the reference group and only the numbers in this group are therefore reported.
A previous meta-analysis found that TC was positively correlated with ischaemic heart disease mortality even in the oldest [2] . This meta-analysis included studies with participants without previous disease at inclusion. We also excluded all those with a diagnosis of CVD or diabetes before or within 14 days after measurement. However, more than 11 000 individuals included in our study received a diagnosis of diabetes or CVD in the study period, who could be the vulnerable subjects. And still we see a survival benefi t in the group with a TC and LDL-C above the recommended levels. Finally, it is possible that our fi ndings are infl uenced by residual confounding. We have tried to account for the known confounders age and sex by conducting the analysis in sex-specifi c age intervals. Furthermore, we have included statin use and educational status in our analysis. However, there may be other confounders that infl uenced our results. It is possible, for example, that individuals with a high TC measurement receive more medical attention and perhaps a different treatment, which infl uence mortality.
In conclusion, our population-based study shows that high TC, HDL-C, or LDL-C levels in the elderly are associated with a lower all-cause mortality compared with the group with the recommended low lipoprotein level. These fi ndings are in opposition to the recommendation that in older adults without diabetes or CVD, lipoprotein values should be below specifi c values. In the current study higher lipoprotein levels do not seem to infl uence total mortality negatively. The opposite is the case for triglycerides, where the recommended low level is associated with lower all-cause mortality, especially in women. However, cholesterol-lowering treatment in the form of statins provides a survival benefi t without correlation to cholesterol level. These fi ndings could be considered in future recommendations for lipoprotein levels in elderly people without CVD or diabetes where the focus perhaps should change from lipoprotein levels to an increased focus on triglycerides.
